Purpose: To investigate the effect of changing vertical dimension of complete denture within its normal range on phonation with the presence or absence of palatal rugae, using Computerized speech lab (CSL).Material and Methods: Ten completely edentulous patients (aged 50-60 years) were selected for reading some sentences. Each patient had two maxillary and two mandibular dentures with an adaptation period between each denture. The patients' speech records were divided into four groups,Group I: Maxillary acrylic denture had polished anterior palatal surface without rugae reproduction and a free-way space of 2 mm.Group II: Maxillary acrylic denture with rugae reproduction on its polished surface and a free-way space of 2 mm.Group III: Maxillary acrylic denture had polished anterior palatal surface without rugae reproduction and a free-way space of 4 mm.Group IV: Maxillary acrylic denture with rugae reproduction on its polished surface and a free-way space of 4 mm, the samples selected were s/sh/t sounds. results: There is no significant difference was recorded in mean value of first formant frequency in dentures with and without Ruge using freeway of 4 and 2 mm for S and Sh sounds and in the voice onset time (VOT) of T sound. Conclusion: Any change in the normal cross section of the oral cavity by a removable prosthesis will affect the properties of normal human voice, so it is not recommended to construct thick areas in the anterior region of denture even if it contains palatal rugae so that it will not affect palatolingual sounds.
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ADJ-for Grils, Vol. 6, No. 1 The air that we breathe out comes out of lungs before it gets out into the outer atmosphere; various organs in our body convert it into speech sounds. These organs are called the organs of speech. These organs fall into three groups or systems Respiratory system in which the lungs generate air stream, Phonatory system which includes larynx and vocal folds, Articulatory system which includs hard and soft palate, tongue, lip, teeth, nasal cavity.It is concluded that speech does not start in the lungs, It starts in the brain and it is, then, studied by Psycholinguistics. After the creation of the message in our mind, we need a representation of the sound sequence and a number of commands which will be executed by our speech organs to produce the utterance. So, we need a phonetic plan and a motor plan The speech sounds are produced by controlled air source from lungs. Amount of air flow is variable; the controls of various articulations are valves in pharynx, oral and nasal cavities. The valves are used for modifying the flow of air to produce speech sounds which are classified as; Labial Sounds, Labio-dental Sound, Linguo-dental Sound, Linguopalatal (anterior), Linguo-palatal (posterior), Linguo-palatal (soft palate), Truly Palatal, Nasal (2) .
Palatal rugae is asymmetrical and irregular elevations of the mucosa, it is also called transverse palatine folds which are located in the anterior third of the hard palate, it is formed from the lateral membrane of incisive papilla and arranged in transverse direction from palatine raphe located in mid-sagittal plane (3) . It is formed in the third month intrauterin from the hard connective tissue covering the bone. It is formed around 12th to 14th week of prenatal life and remains stable until the oral mucosa degenerates after death. Physiologically palatal rugae helps in swallowing of food, taste perception, speech and suction in children; and also in the medico-legal identification process (4) .
It is observed that the defective speech is most frequently associated with increased vertical dimension which may result in difficulty in pronouncing sound like b, m, p, f, v. various phonetic tests to determine proper vertical dimension using such sound as s, c, z. It is important to obtain the correct vertical dimension of occlusion especially in speech since the compensatory tongue changes resulted not only in changes of the magnitude of palatal pressures, but also the time interval in which those pressures were applied. The optimum pressures were obtained with the correct vertical dimension of occlusion, the occlusal vertical dimension can alter the inter occlussal distance needed to speech /m/ and /s/ sounds (5) .
As a result of instrument evolution, acoustic analysis was the way to objectively assess voice; the advantages of this method are increase in diagnostic precision, identification and documentation of short and long-term treatment efficacy and possibility of providing visual feedback to the patient. Through this analysis it is possible to obtain concrete values of acoustic characteristics of the voice (6) .
The aim of this study was to investigate the effect of changing vertical dimension of complete denture within its normal range on phonation with the presence or absence of palatal rugae.
MAtErIAl And MEthod
Ten completely edentolous patients were selected from the Outpatient Clinic Prosthodontics Department, Faculty of dental medicine, AL-Azhar University, Girls' Branch.
Each patient had two maxillary and two mandibular dentures with an adaptation period between each denture. The patients' speech records were divided into four groups, Group I: Maxillary acrylic denture had polished anterior palatal surface without rugae reproduction and a free-way space of 2 mm.
Group II: Maxillary acrylic denture with rugae reproduction on its polished surface and a free-way space of 2 mm. Group III: Maxillary acrylic denture had polished anterior palatal surface without rugae reproduction and a free-way space of 4 mm.
Group IV: Maxillary acrylic denture with rugae reproduction on its polished surface and a free-way space of 4 mm.
Dentures in Group I were complete dentures with freeway of 2mm fabricated as usual way, GroupII were denures duplication of group I with addition of Palatal rugae Group III were maxillary denture of group I with new mandibular denture with free way of 4mm, Group IV maxillary denture with rugae reproduction were used with mandibular denture with a free-way space of 4 mm.
Steps of reproduction of the Rugae area using alginate impression and soft wax (7) .One of the impressions that was taken before was used to duplicate the rugae area by pouring soften wax to these impressions at the area of palatal rugae. The part of the Acrylic trial denture base that contains the rugae area was removed by fissure carbide bur. The wax pattern of the rugae area was removed from the impression and placed into position on the area that was removed from the trial denture base. The wax pattern of rugae was then sealed to the trial denture base, Midline and incisive papilla were used as the guide for proper orientation and adaptation. The rest of steps of denture were completed as usual.
Method of analysis:
It was done in the speech research laboratory of Cairo University. It was carried out using speech lab CSL 3400B. The set unit of Computerized Speech Lab (CSL) consists of external module with high speed dual channel, the plug-in board with 2 high speed digital signal processing integrated circuits, high quality microphone, and software version 3.1 and all patients were subjected to analysis of their signal after it was captured using sampling rate of 20 KHz and bandwidth is 300. The continuous electric signal can be converted to a digital representation suitable for manipulation by a computer. Computers equipped with the proper hardware can convert the analog voltage variations into digital sound waveforms by a process called analog-to-digital conversion. All recordings were made in sound proof room and the patient was seated in the chair in the upright position and was allowed to read a passage in comfortable amplitude and pitch using a high quality dynamic microphone at chest level 20 cm in front of the patient's mouth.
Each sound was inserted in the key words and each target word was embedded in the carrier sentence to divert the patient's attention away from the phoneme in the carrier phrase. These sounds were selected in a paragraph containing the required constant sound between two vowels such as "asa", "asha", "ata"; to avoid the patient's trials to adjust himself for optimum utterance. The spectral analysis was not done on the whole word of the paragraph but only on word fragments that permit perception of these alterations as /s/ sh / and t sounds. Breaking the words into sounds was performed for each patient in order to achieve more profound study of individual phonetic characteristics and a higher quality of studied phenomena.
The patient was then asked to read each sentence three times with every denture with normal speech intensity and speed, The computerized data of various acoustic parameters was obtained and spectral analysis of collected data was made with multi speech program-spectrogram analysis software, Speech samples Palatolingual sound such as: /S/ unvoiced linguodental fricative; /Sh/ unvoiced linguoalveolar fricative for both sounds the first formant frequency F1 (in Hz) were examined and the Voice Onset Time (VOT) of /t / sound unvoiced linguoalveolar stop, sound production (in millisecond).
Each patient was evaluated four times with 2 week interval between each group. 
Statistical analysis
Statistical analysis was performed using a commercially available software program (SPSS 19; SPSS, Chicago, IL, USA). As data was parametric, significance of the difference between dentures with or without Rugae, as well as difference between dentures with 2 or 4mm freeway spaces were evaluated using independent t test.
All denture types were compared using one way analysis of variance (ANOVA) test.
The level of significance was set at P < 0.05.
rESultS
There was no significant defference recorded in mean value of first formant frequency dentures with and without Rugae using freeway of 4and 2 mm. T test revealed that the difference was not statistically significant between groups of dentures with and without Rugae for S and Sh sounds . Regarding voice onset time (VOT) of t sound there was no significant difference in the mean value recorded in denture without Rugae at 4 and 2 mm freeway space (table1 and fig. 1 ).
dISCuSSIon
The selected patients were free from any disorder or pathologic condition that may affect any organ related to vocal tract which may affect sound production (8) .
The use of this technique of duplicating dentures has several advantages. It is a simple method when compared to other methods. Another advantage of these techniques are the use of stock teeth which have superior properties to those made in cold-cure resin (9) . In this study, heat-cured acrylic resin was used instead of self-cured acrylic in fabrication of duplication denture to protect the patient from its biological harmful effect of the residual monomer (10) .
Duplication of upper denture was done to eliminate any effects that may result from changing the dimensions or morphology of complete denture except palatal rugae (11) . Speech is an acquired complex process (12) . After removable denture insertion, the oral cavities volumetric parameter alters and as a result, transitory speech distortion occurs duplicating decrease these alteration and accelerate adaptation (13) .
In comparison between 2 and 4 mm freeway space, dentures without Rugae had a higher mean value of first formant frequency F1 in (s, sh ) sounds than dentures with Ruge. Regarding s sound results, it may be explained as that this sound was not produced by contact between the tongue and rugae but it was formed by the formation of groove by the tongue which laterally sealed the air flow and this groove was affected by changing the thickness of the denture base (14) ,so denture with Rugae may add additional thickness that may decrease the cross section of the groove of the air that was formed between the tongue and palate and this cross section has direct proportional value to frequency so when this cross section decrease the first formant frequency will also decrease according to Helmholtz resonance formula which stated that the vocal tract is considered as resonance cavity and is subjected to this quation Since all rest variable are constant (15) .
In this study there was no significant difference in the mean frequency after adding palatal Rugae because the small increase in the thickness of maxillary denture not large enough to make a difference in the frequency.
Both of S and SH sounds are produced in the same way except in that in SH sound the tongue groove is broader than that in S sound (15) .
Regarding VOT of t sound, the higher mean value was recorded in denture without Rugae. This may be explained by that t sound is palatolingual sound and during pronounciation of this letter the tip of the tongue must be placed firmly against the teeth and the anterior part and sides of the palate for correct pronunciation of t sound (16) , so that the duration of production of this sound might increase in case of polished denture without rugae since the tongue takes time to locate this land mark (17) ,however in the results of this study there was no difference in time onset duration between the presence or absence of palatal rugae dentures. This may be due to the adaptation of the patient who is used to locate the tounge in the same position either in the presence or absence of palatal rugae (18) .
Regarding the comparison between dentures with and without Rugae, the 4mm freeway space was the higher in (s,sh) sounds than 2mm frequency space. During the pronounciation of s sound higher mean value of first formant frequency was observed in denture with higher freeway space, which leads to decrease the cross section between dorsum of tongue and palate. The area behind the palatal constriction means that decrease the volume or capacity of air in this area, and this agrees with Helmholtz resonance formula which is inversely related to the volume of this area , as rest of variable are constant (19) . However this difference is not significant, and this may be due to the fact that during functional modifications, an immediate speech compensation and a potential contribution of sensory information in the adaptive process may occur (20) .
Each of s and sh sounds are silibiant sounds (teeth sounds). These sibiliants are high -frequency sounds produced by a stream of air directed through a minimal incisal separation (21) . So for the same reason, sh sound has no significant difference before and after changing the vertical dimension. In comparison between dentures with and without Rugae, the 2mm freeway space was the higher mean value of t sound than 4mm frequency space. The higher (84) Amany Bassam EL-Agha, et al.
ADJ-for Grils, Vol. 6, No. 1 mean value was recorded with 2 mm freeway space. This may be due to facilitation of tongue elevation by narrowing vertical dimension (22) which leads to decrease time to form the sound. The same value was recorded in dentures with 2 and 4 mm freeway space in case of denture with rugae.
ConCluSIon
Any change in the normal cross section or normal distance between two points in the oral cavity by a removable prosthesis will affect the properties of normal human voice, so it is not recommended to construct thick areas in the anterior region of denture even if it contains palatal rugae so that it will not affect palatolingual sounds.
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